Introduction Background
Human immunodeficiency virus (HIV) remains a global public health crisis, claiming over 39 million deaths to date [1] . In 1990, HIV was ranked as 33rd among causes of morbidity and mortality combined worldwide; by 2010, it was ranked 5th, a 353 % increase [2] . At the end of 2013, approximately 35 million people were living with HIV, with 2.1 million newly infected each year [1] .
Armed conflict is frequently assumed to be a contributor to the global HIV epidemic [3] [4] [5] , but empirical support for that link is sparse. A study of 43 Sub-Saharan African countries from 1997 to 2005 found strong positive associations between civil war and HIV prevalence [6] . However, three other studies either found no association between conflict and HIV prevalence, controlling for economic factors [7] , or that evidence was insufficient that HIV transmission increases in such settings [8, 9] . One reasonable interpretation of this literature is that conflict does not inevitably lead to increased HIV prevalence, but rather could be better understood as a risk factor whose effect might be moderated or mediated by other variables in a causal nexus.
Consistent with this view, a number of explanations have been offered to explain the link (e.g., conflict-induced migration, changes in sexual behavior) [3, 5, 8] . Nevertheless, the validity of these explanations is far from clear [10] , and they do not explain why some conflict-affected & Bradley T. Kerridge bradleykerridge@gmail.com; bk2518@cumc.columbia.edu populations but not others experience increased HIV morbidity and mortality. As research examining the conflict-HIV link matures, new theoretical models are needed to understand how and why conflict leads to HIV spread [11] . More importantly, the field needs to move beyond conventional multivariate risk factor analyses focusing on associations between variables to the identification of putative causal pathways through structural equation modeling.
Theoretical Model/Hypotheses
This study develops and tests a longitudinal explanatory model linking armed conflict occurring between 2002 and 2008 and its longer-term impact on HIV morbidity and mortality in 2010 among World Health Organization (WHO) Member States (Fig. 1) . Conflict was defined as the number of deaths from civil war, terrorist actions and one-sided violence (e.g., genocide, summary execution of prisoners) that have increasingly characterized contemporary civil conflicts. HIV is represented by a country's morbidity and mortality measured as disability-adjusted life years (DALYs) attributable to HIV. The model differentiates between pre-existing background or susceptibility factors from conflict-induced changes or vulnerability factors serving as indicators of processes through which conflict indirectly influences HIV spread. Susceptibility factors were conceptualized primarily as moderators, and vulnerability factors, as mediators, of the conflict-HIV relationship. Two susceptibility (moderator) constructs were created. A country's baseline HIV prevalence, ethnic heterogeneity, and number of persons affected by natural disasters constituted the background susceptibility construct. These pre-existing factors all serve to increase a population's susceptibility to HIV. The substance use susceptibility construct included per capita alcohol consumption and prevalences of illicit drug use and injection drug use (IDU). The one vulnerability (mediator) construct included three factors reflecting conflict-induced changes: a country's number of refugees, asylum seekers and displaced persons, total HIV spending, and number of persons on antiretroviral treatment (ART). Within this model, special emphasis was given to substance use as a susceptibility construct. Substance use, especially intravenous drug use (IDU), is important because an estimated 15.9 million persons worldwide inject illicit drugs. IDUs account for about 10 % of the estimated 27 million new HIV infections each year and 30 % of new infections outside Sub-Saharan Africa [1, 12] . Behaviors contributing to transmission include needle sharing and high-risk sexual behaviors. However, note that the tendency of policymakers and researchers to focus on the relationship between IDU and HIV has overshadowed the Understanding how armed conflict impacts longer-term HIV morbidity and mortality is critical in identifying conflict-affected populations at risk and in developing appropriate, evidence-based prevention and intervention approaches.
Pre-existing Background Susceptibility Factors as Independent Risk Factors for HIV or Moderators of the Conflict-HIV Association
The background susceptibility construct may directly increase HIV morbidity and mortality (i.e., as an independent risk factor), or, alternatively, interact with conflict to strengthen the conflict-HIV relationship as a moderator. Baseline prevalence of any health outcome often directly predicts future illness and death from the condition [10] . Alternatively, as a moderator of the conflict-HIV association, baseline prevalence may interact with conflict to increase longer-term HIV morbidity and mortality. That is, greater baseline prevalence may reflect a greater pool of infected persons that may strengthen the relationship between conflict and HIV morbidity and mortality [13, 14] . Similarly, within-country ethnic hetereogeneity can directly influence longer-term HIV morbidity and mortality through maldistribution of resources. That is, differences in ethnic, linguistic or religious composition can be major sources of political contention, often producing discrimination and unequal access to political power that translates into unequal access to health care [15, 16] . The greater the ethnic heterogeneity, the greater the adverse impacts on access to health care, including HIV prevention and intervention, among those discriminated against [17, 18] . Alternatively, ethnic heterogeneity, a common contributor to civil war, may moderate the conflict-HIV association through sexual violence towards women as a weapon of conflict, with associated increased risk of transmission [19] [20] [21] .
Natural disasters and armed conflicts share many features and consequences and both have been classified as complex emergencies since the early 1990s [4] and more recently as ''big events'' [22, 23] . Natural disasters, like conflict, affect large civilian populations and are characterized by food and worker shortages, damage to healthcare facilities and other infrastructure, population displacements, violence toward women, and importantly, decreased access to contraceptive care and consequently prevention services for sexually-transmitted diseases [23] . Natural disasters have been linked directly to increased longer-term HIV morbidity and mortality. However, natural disasters can impact HIV morbidity and mortality by influencing conflict dynamics [24] . Natural disasters may moderate the armed conflict-HIV association since deadly disasters have increasingly occurred recently in countries with long-lasting conflict [25] .
Taken together, the evidence and observations suggest the following alternative hypotheses: 
H1B
The conflict-HIV association is moderated by baseline prevalence, ethnic heterogeneity and number of people affected by natural disasters. The greater this background susceptibility, the greater the HIV-attributable morbidity and mortality.
Substance Use as a Moderator of the Conflict-HIV Association
Alcohol and illicit drug use, especially IDU, have been linked to HIV transmission through high-risk drug use and sexual behaviors [12, [26] [27] [28] [29] [30] . However, recent theoretical formulations [22, 23] also outline how substance use as a susceptibility factor interacts with armed conflict to influence longer-term HIV morbidity and mortality. These conditions include disruptions in economic and service provision processes and structures (including the drug trade) that influence social networks, gender and sexuality organization, norms and changes in HIV-related risk behavior. Taken together, these observations and theoretical formulations suggest that the substance use vulnerability construct may be a direct risk factor of HIV morbidity and mortality or serve as a moderator of the armed conflict-HIV association:
H2 The conflict-HIV association is moderated by alcohol and illicit drug use. The greater the level of substance use (in 2008, 2009 ) in the population, the greater the longerterm HIV morbidity and mortality in 2010.
Population Displacement, HIV Spending and ART Coverage as Mediators of the Conflict-HIV Association
Foremost among vulnerability factors that may mediate the conflict-HIV relationship is displacement of large populations. Numerous studies document relationships between conflict and refugees and highlight vulnerabilities among these populations to HIV reflecting family disintegration, poverty, social disruption leading to increased sexual risk behaviors, sexual violence, predatory sexual behavior and commercial sex [31] [32] [33] [34] .
The second vulnerability factor that may mediate the conflict-HIV association arises from destruction of health services and exacerbation of deficiencies in existing health infrastructures due to conflict [4, 5] . The capacity to deliver health services, including HIV prevention and intervention, is further eroded by shortages of equipment, medicine, and health care providers.
Assaults on a state's healthcare service system resulting from conflict, and subsequent increases in HIV morbidity and mortality, attracts funding from regional and international agencies as well as non-governmental organizations. Increased spending on HIV, including ART, should reduce HIV morbidity and mortality. However, there are several reasons why an influx of resources may have led to increases in illness and death, especially during the years (2002-2010) of this study's focus. First, HIV coordination and response in conflict-affected states remains incoherent and ad hoc, with response guidelines often vague and imprecise. Field staffs also lack the capacity and/or confidence to implement HIV guidelines. Moreover, coordination is among donors and humanitarian agencies, and integrated multiagency initiatives at the country-level, are sorely lacking [35] . Second, HIV morbidity and mortality might also increase despite increased spending and number of people on ART, especially in conflict-affected states, because of difficulty in reaching most-at-risk populations (MARPs). Many HIV epidemics in the last decade are concentrated among MARPs, specifically people who inject drugs, sex workers and men who have sex with men [36] [37] [38] . The preponderance of HIV spending in most countries with concentrated epidemics remain targeted to the general population [39] , despite evidence of the effectiveness and low cost of prevention and treatment programs targeting MARPs.
Lastly, drug resistance may have slowed reductions in HIV morbidity and mortality anticipated by national HIV spending. Transmitted drug resistance occurs when previously uninfected individuals are infected with drug-resistant virus; acquired drug-resistance develops when mutations emerge among individuals receiving ART [40] . The prevalence of acquired HIV drug resistance in low-tomiddle income countries increased from 3.6 to 6.6 % from 2003 to 2010, whereas in high-income countries, 80.1 % of individuals failing ART had at least one drug resistant mutation [41] . Between 2004 Between -2006 Between and 2007 Between -2010 in lowto-middle income countries, the percentage of 72 surveys reporting transmitted moderate drug resistance (5-10 %) increased from 18.2 to 32.0 %. In high-income countries, the prevalence of transmitted drug resistance was 7.7 % between 2004 and 2009. As ART coverage increases, greater drug resistance may hamper treatment effectiveness and slow reductions in HIV morbidity and mortality [40] . At the same time, tuberculosis (TB) drug resistance has increased worldwide, and this disproportionately affects people living with HIV/AIDS (PLWAs) [42] . TB is the most common presenting illness among PLWAs including those taking ART [42, 43] and also a leading health threat in conflict-affected states fueled by malnutrition, overcrowding and health service disruptions [44] . Recent increases in TB drug resistance, along with increases in HIV drug resistance may play a continuing role in increasing HIV morbidity and mortality despite increases in HIV prevention and intervention resources among PLWAs and in conflict-affected and resource limited settings.
Taken together, the aforementioned empirical evidence and observations suggest the following hypothesis: 
Methods Measures

Outcome: HIV Disability-Adjusted Life Years
The outcome variable was HIV-attributable DALYs in 2010 among WHO Member States for which data were available (n = 177). The DALY, a summary measure of health, combines information on morbidity and mortality for specific diseases including HIV. DALYs are derived as years of life lost to premature HIV-attributable mortality plus years of life lost to disability by people with HIV in a population [45] . Data on 2010 HIV DALYs were available from the Institute of Health Metrics and Evaluation's Global Health Data Exchange [46] .
Armed Conflict
The severity and scope of civil war increasingly includes terrorism and one-sided violence [47] . Between 1990 and 2004, almost all fatalities from one-sided violence have occurred in countries experiencing armed conflict and terrorism, suggesting that these three forms of intimately related violence can be combined to reflect changes in the characteristics of civil conflict [48] . Accordingly, conflict was operationalized as the sum of deaths from civil war, terrorism, and one-sided violence between 2002 and 2008.
Data for civil war deaths between 2002 and 2008 were derived from the 2014 update of the Uppsala Conflict Data Program's Battle Deaths Database [48, 49] . Civil war is armed conflict between a state's government and one or more internal opposition groups with or without intervention from other states. Armed conflict is contested incompatibility concerning governments and/or territory where the use of armed force between two parties, of which at least one is the state's government, results in at least 25 battle deaths.
Data on the number of deaths among victims and perpetrators of terrorism from 2002 to 2008 were derived from the 2014 update of the Global Terrorism Database (GTD) [50] . Terrorist incidents are intentional, achieve violence and are perpetrated by sub-national, non-state actors. In addition, at least two of the following criteria must be met (1) the act must be aimed at a political, economic, religious, or social goal; (2) there is evidence of intention to coerce, intimidate, or convey another message to a larger audience than the immediate victims; and (3) the action must be outside the context of legitimate warfare activities [51] .
Data on deaths resulting from one-sided violence from 2002 to 2008 were available from the Uppsala Conflict Data Program's One-sided Violence Database [52] . Onesided violence is the use of armed force by a state's government or a formally organized group against civilians resulting in at least 25 deaths. Only one-sided violence deaths perpetrated by government actors were included in these analyses since those perpetrated by formally organized groups were included in the GTD [53] .
Using deaths from civil war, terrorism, and one-sided violence in the years 2002 to 2008 produces a 2-year lag to DALYs occurring in 2010. Thus, these are not deaths or disabilities experienced in earlier years when the civil war and related violence was active.
Pre-existing Background Susceptibility Factors
All background risk factors except number of people affected by disasters were measured as close to 2002 as available data allowed.
Baseline HIV prevalence data among 15-to-49-yearolds in 2002 were available from the UNAIDS Millennium Development Goals Database [54] . The measure of ethnic heterogeneity in this study, derived from Vanhanen [55] , combines three indicators: racial, linguistic and religious division, each measured as the percentage of the largest group of a country's population from 1994 to 1999. Data on these characteristics within countries have remained relatively stable over the years examined in this study. The inverse of these three percentages are summed to measure the degree of ethnic heterogeneity.
The natural disaster measure combined the numbers of persons confirmed dead or missing, persons needing immediate shelter, and persons affected (requiring immediate assistance in basic survival needs, e.g., food, water and sanitation), in thousands, for [2002] [2003] [2004] [2005] [2006] [2007] [2008] [56] . A disaster event defined by CRED meets one or more of the following criteria: (1) at least 10 people were killed; (2) at least 100 people were affected; or (3) the disaster led to the declaration of a state of emergency or calls for international assistance.
Substance Use Susceptibility Factors
Per capita alcohol consumption was measured as total recorded consumption in liters of pure alcohol, computed as the sum of total production and imports, less exports, divided by the population aged 15 and older. Country-level data for either 2007 or 2008 were available from the WHO Global Health Observatory Database [57] .
Illicit drug use was defined as non-medical use of drugs prohibited by international law. The illicit drug use measure was the sum of the annual prevalences of illicit use of cannabis, opiates and cocaine for various years between 2002 and 2009 expressed as percentages of the population aged 15 years and older [58] . Data on illicit drug use were derived from the United Nations Global Illicit Drug Trends Report [58, 59] Country-level prevalence estimates among 15-to 64-year-olds of IDU were also available from this source for various years between 2002 through 2009.
Vulnerability Factors
Number of refugees/asylum seekers/displaced persons (in thousands) residing in each host country at the end of 2008 were available from the UN High Commissioner for Refugees Statistical Database [60] .
Data on total HIV spending in 2008 or 2009 and the number of persons on ART in 2008 were available from the United Nations UNAIDS Data [61] . Total spending included all domestic, public and international spending on HIV programs.
Statistical Analyses
To analyze the measurement and structural models, partial least squares structural equation modeling (PLS-SEM) utilized SmartPLS Version 2.0 [62] . This methodology is an alternative to covariance fitting approaches [63] and is component-based. PLS-SEM is more suitable for theory building, as in this study, whereas covariance-based SEM is more suitable for theory testing [64] . PLS-SEM combines the predictive approach of classical multivariate techniques to examine dependency relationships with the psychometric approach based on measurement of latent (non-observed) variables. PLS-SEM is an optimal fit to the data profile of this study, that is, small sample size (n \ 200 countries) with constructs defined by multiple indicators [64] .
The PLS-SEM method does not require multivariate normality to produce consistent parameters, but rather uses bootstrap resampling to test stability of estimates. The bootstrap procedure draws repeated random samples (in this case, 5000) from the data to estimate standard errors and calculate t-statistics for inferential purposes [65] . Bootstrapping is a powerful and accurate method for detecting moderating and mediating effects [66, 67] .
PLS-SEM methodology adopts a two-step approach. The first step focuses on the measurement model to analyze reliability and validity of the indicator variables and constructs. In the second step, structural model assessment provides empirical evidence to suggest the theoretical model and hypotheses through examination of dependency relationships among the constructs [64] .
PLS-SEM examines the direct effect of conflict on HIV DALYs and the moderating effects of the pre-existing background and substance use constructs (the former which might alternatively have a direct longer-term effect on HIV DALYs). Moderation is tested by examining the significance of the interaction between conflict and the susceptibility construct [63] . The mediation effect can be tested by observing significant path coefficients from conflict to vulnerability and from vulnerability to HIV DALYs (with no significant path from conflict to DALYs) [64] . The indicators examined herein were reflective, that is, the indicators were viewed as manifestations or expressions of their respective constructs. All indicators were standardized, centered and, except for ethnic heterogeneity, log transformed.
Results
Measurement Model: Reliability and Validity
While individual indicator reliability is optimal when standardized loadings of the indicators are at least 0.70, loadings greater than 0.50 are acceptable in initial stages of research, as is the case here [66, 68, 69] . Indicator loadings, with four exceptions (0.52-0.68), well exceeded the 0.70 benchmark.
For construct reliability, we examined composite reliability. Nunnally [70] suggests 0.70 as a reliability benchmark. All constructs showed adequate internal consistency (0.74-0.89) ( Table 1) .
Convergent validity was assessed with the average variance extracted (AVE), which should exceed 0.50 [68, 71, 72] . All constructs satisfy this condition (AVE 0.50-0.76) ( Table 1) . For discriminant validity, the AVE should exceed the variance shared between the latent construct and other model constructs (i.e., squared correlation between constructs). The square root of each constructs' AVE (on the diagonal) is larger than its correlation with other constructs (Table 1) , suggesting sufficient discriminant validity.
Sufficient convergent and discriminant validity can also be shown by higher indicator loadings on hypothesized constructs than on others [64] . All items met this condition (Table 2 ). In only three instances was there evidence of cross-loading: number of people on ART cross-loaded on background susceptibility and baseline HIV prevalence and number of people affected by natural disasters cross-loaded with vulnerability. However, in no instance did these crossloadings exceed the loading of the indicator on its specified construct, further suggesting sufficient discriminant and convergent validity.
Structural Model
Structural model results are shown in Fig. 2 . Individual path coefficients can be interpreted as standardized coefficients of ordinary least squares regression [64] . The preexisting background construct did not moderate the con- 
Discussion
This study found that armed conflict did not have a direct effect on HIV morbidity and mortality, but rather exerted its effect on HIV DALYs through mediation and moderation by other HIV risk factors. This study also found that pre-existing background susceptibility factors did directly affect longer-term HIV morbidity and mortality. Baseline That baseline prevalence does not intensify the adversities of conflict to increase morbidity and mortality (i.e., serve as a moderator of the conflict-HIV association) does not diminish its importance as an independent HIV risk factor. This finding suggests that HIV resources be directed to higher HIV burden countries to preempt increased longerterm morbidity and mortality. This investment should be directed toward all such countries, but is particularly important in conflict-prone, fragile states.
As hypothesized, ethnic heterogeneity also directly influenced morbidity and mortality [15, 16] . This finding suggests that discrimination and unequal access to political power among minorities may translate into unequal access to health care, including HIV prevention and treatment. The absence of moderation of the conflict-HIV association by ethnic-heterogeneity does not support the hypothesis that the conflict-HIV association is exacerbated by ethnicheterogeneity through sexual violence. This finding highlights the need for increased political will to address ethnic grievances, no matter how deeply entrenched.
The number of people adversely affected by natural disasters also directly increased HIV DALYs. This finding is consistent with prior literature [22, 23] linking natural disasters to increased HIV morbidity and mortality through food and water shortages, damage to health and other infrastructures, population displacement, and decreased access to health care, including sexual health services. Natural disasters did not moderate the conflict-HIV association, suggesting that they do not affect the dynamics of conflict in ways that increase susceptibility to HIV. However, relationships between natural disasters and conflict may be more complex than reflected here. For example, factors found to influence states' conflict propensities, such as poverty, weak political institutions, and high populations may also influence disaster resilience suggesting that each phenomenon increases propensity for the other. Further study on the relationship of natural disasters and conflict in relationship to HIV morbidity and mortality is warranted as deadly disasters have increasingly occurred in countries with longstanding conflicts. As hypothesized, alcohol consumption, illicit drug use, and IDU moderated the conflict-HIV relationship: the greater the rate of substance use, the stronger the conflict-HIV association. It appears that conditions of conflict, arising from displacement, grief and fear, social isolation, changes in sexuality and HIV-related risk behaviors in the presence of high substance use increases the susceptibility of a population to HIV [22, 23] .
Substance use is a potentially modifiable risk factor that interacts with conflict to increase longer-term HIV morbidity and mortality. Thus, approaches including brief interventions targeting high-risk substance users, provisions for injection equipment, condom distribution, and education, screening, diagnosis and treatment of other sexually transmitted disease, viral hepatitis and TB, are warranted in conflict-affected states [74] . Among these and other resource-limited settings, establishing 12-step support groups may be a cost-effective first step for the longterm stability of substance using populations [75] .
Recent recommendations have focused on scaling up integration of substance use interventions within programs and allocations associated with HIV response [74] . This study's findings further support greater investment in substance prevention and harm reduction among users in conflict-affected countries where current investment is disproportionate to disease burden.
The combined manifest vulnerability factors of number of refugees, total HIV spending, and number of people on ART mediated the conflict-HIV association. The magnitude of displaced persons in a population, rarely studied as a mediator of the conflict-HIV relationship, may explain the ambiguity in studies examining direct conflict-HIV associations among displaced populations. The mediating effect of number of refugees, asylum seekers, and displaced persons on the conflict-HIV association underscores the need of HIV prevention and intervention in these populations to reduce longer-term morbidity and mortality.
Total HIV spending, and number of people on ART were also identified as vulnerability indicators that mediated the conflict-HIV relationship. Several potentially explanatory underlying processes, including lack of Fig. 2 Results of the structural equation model: factor loadings and standardized path coefficients. *Significant path coefficients coordination [34] and imprecise guidelines [35] for HIV response, and difficulties in reaching MARPs [36] [37] [38] , importantly suggest interventions for decreasing morbidity and mortality. Foremost, a concentrated effort is needed to strengthen HIV response guidelines and coordinate and integrate response among multi-agency initiatives, especially among conflict-affected states. Within this context, the HIV response must address the special needs of MARPs, despite difficulties in reaching and treating these populations.
Conflict was positively associated with spending and number of people on ART, which in turn was positively associated with HIV DALYs. HIV and TB drug resistance [42] [43] [44] were hypothesized to contribute to processes underlying vulnerability to HIV that mediate the conflict-HIV association (along with the number of persons displaced by conflict). Recent WHO reports have highlighted the need for surveillance/surveys of transmitted and acquired drug resistance, especially in ART-treated populations. More resources in the global HIV response should be directed to screening, diagnosis, and treatment of HIV and TB drug resistance, monitoring early indicators of resistance and integrating HIV and TB prevention and intervention. These urgent recommendations are even more critical for conflict-affected states where weakened public health infrastructure can destabilize ART programs and lead to treatment and supply chain interruptions, healthcare personnel and civilian displacement, destruction of homes, lack of necessities, and violent environments. Demoralization in conflict-affected populations may also lead to HIV and TB treatment non-adherence.
This study moved beyond conventional multivariate risk factor models to examine putative causal pathways between conflict and longer-term HIV morbidity and mortality using PLS-SEM. This study also combined deaths from civil wars, terrorism and one-sided violence in conflict-affected states, highlighting all three forms of violence as substantial public health problems. Substance use moderated the conflict-HIV association, providing preliminary evidence for the importance of these neglected factors in HIV spread.
Limitations include the potential for omitting important indicators from the models presented herein, but the associated R 2 s were very high, indicating reasonably complete specification of relevant influences. Although the ecological comparative design of this study cannot fully capture within-country variation, it can play an essential role in defining the impact of major public health problems like conflict that operate at a population level to influence HIV morbidity and mortality. The measures used in this study were also associated with variable reliability across WHO Member States. However, since the mid-1990s, efforts to increase the reliability of study variables have been unprecedented, including stringent inter-rater reliability standards [48, 75] , increased reliability and coverage of indicator variables and advances in completeness and reliability of morbidity and mortality data underlying DALY estimates [2, 76, 77] . These measures are the most reliable that have ever been available, thereby permitting plausible, but tempered, systematic inferences of the longer-term influence of conflict on HIV morbidity and mortality.
In summary, armed conflict influenced longer-term HIV morbidity and mortality, largely by moderation by substance use and mediation through refugees, HIV spending, and the number of people on ART. Baseline HIV prevalence, ethnic heterogeneity, and number affected by disasters also directly influenced HIV DALYs. Future studies using SEM are needed to refine the present theoretical models and to identify the role of additional risk factors for HIV morbidity and mortality. Taken together, this research will form the evidence base to inform prevention and intervention programs in conflict-affected states. Importantly, these results underscore one of the hidden health costs of armed conflict, providing an additional rationale for promoting peace.
